Papua New Guinea (PNG) mutation is a point mutation that occurs in noncoding region of alpha globin clusters. Polymorphism promotes an additional recognition site for transcription factor (GATA-1) which presumably downregulates alpha globin synthesis. The aim of this research is to detect PNG mutation in other populations in Indonesia, thus the results will be used for completing standard diagnoses in detecting alpha thalassemia mutation based on ethnic background. The method used in detecting PNG mutation was PCR-RFLP. Detection of 399 samples (MCH <80 fL) using the PCR-RFLP method showed positive results for the Timika population. However, negative results were found in the Gayo, Sumba, and Ternate populations. PNG mutation frequency in the Timika (Papuan ethnic) population is 18.1% (28 of 154 samples). High malaria prevalence in East Indonesia did not show a positive correlation with the absence of PNG mutation in the Sumba and Ternate populations. The results showed that PNG mutation is only found groups that are infected with Plasmodium falciparum malaria, but not in Plasmodium vivax-infected ones. However, PNG mutation is common in the eastern Indonesia population.
Introduction
Thalassemia is an inherited blood disorder caused by an abnormality of globin synthesis. Thalassemia is largely found in tropical and subtropical regions, such as the Mediterranean, the Middle East, and Southeast Asia, which are areas endemic to malaria [1] . These disorders probably occur as protection against Plasmodium. A mutation of the globin gene causes abnormality in globin synthesis, which forms abnormal erythrocyte that Plasmodium cannot utilize [2] .
A major component of human adult hemoglobin is Hemoglobin A. Hemoglobin A is composed of two pairs of polypeptide chains: one pair of alpha globin chains and one pair of beta globin chains. A reduced rate of alpha globin synthesis results in alpha thalassemia. There are two kinds of mutations of alpha thalassemia: deletion and non-deletion mutation [3] . In general, nondeletion thalassemia may give rise to a more severe reduction in alpha chain synthesis than deletion mutation because non-deletion mutation affects mRNA processing, mRNA translation, and alpha globin stability [4] . The large numbers of alpha thalassemia mutations illustrate a distinct variety of clinical patients, ranging from asymptomatic thalassemia to severe anemia [5] . Severe anemia leads to jaundice, bone changes, and hepatosplenomegaly. As a consequence of the more severe hematologic phenotype, these patients may need red blood cell transfusions more frequently [6] . Asymptomatic thalassemia is clinically normal with no symptoms like severe anemia, but shows low MCV and MCH levels. Moreover, a combination of deletion and non-deletion mutations causes the severe phenotype of alpha thalassemia [2, 4] .
Humans have two alpha globin genes located in the alpha globin gene cluster in chromosome 16 [5] . Alpha thalassemia mutation commonly occurs in the alpha globin gene, but the mutation can also occur outside the alpha globin gene [6] [7] [8] . In 2006, Gobbi discovered polymorphism at the 91 st nucleotide of the interzetaHypervariable region (inter-ζHVR), located between the zeta gene and the pseudogen zeta alpha globin gene cluster. Polymorphism promotes an additional recognition site for the transcription factor (GATA-1). Preferential interaction of alpha major regulatory element to the new promoter causes disruption of the normal transcription activity of the alpha globin gene which downregulates alpha globin synthesis. Polymorphism was first discovered in a Hemoglobin H (Hb H) disease patient from Vanuatu, thus the mutation was named Vanuatu mutation but is also known as Papua New Guinea (PNG) mutation [9] .
PNG mutation was first discovered in Indonesia in a patient of Bugis ethnicity. Interestingly, PNG mutation is a point mutation in the noncoding region of alpha globin gene clusters but causes severe thalassemia if combined with another point mutation. The patient was suffering from phenotypically severe thalassemia (Hb H disease) and the DNA analysis showed a combination of PNG mutation and Codon 59 mutation (GGC Gly >GAC Asp ) [10] [11] . Related to the finding of a PNG mutation in a patient of Bugis ethnicity, previous research has been done to detect PNG mutations in South Celebes populations of different ethnicities, such as Marang, Bugis, Mandar, Toraja, Kajang, and Makassar, but the results were negative. Several samples of the Timika population have also been detected and, surprisingly, positive samples of the PNG mutation were found (3/15 samples). These results underlied our research to detect PNG mutation within a larger population, especially among the Timika population. We hypothesized that there is a higher possibility of the presence of PNG mutations in regions with high malaria prevalence. This hypothesis is supported by research that was done by Elyazar et al. in 2011. East Indonesia, especially Maluku, Nusa Tenggara, and Papua, has the highest percentage (63%) of malaria parasites in Indonesia [12] . Thus, Ternate and Sumba populations were also detected for PNG mutations. The aim of this research was to detect PNG mutation using the PCR-RFLP method in Gayo, Sumba, Ternate, and Timika populations. Thus the result will be used for completing standard diagnoses in detecting alpha thalassemia mutations based on ethnic background.
Methods
Samples. A total of 399 DNA samples were used: 31 samples from the Gayo population, 92 samples from the Sumba popuation, 111 samples from the Ternate population, and 165 samples from the Timika population. Gayo, Sumba, Ternate and Timika populations respectively from west, central, and east region of Indonesia. All samples were from alpha thalassemia patients with MCH values below 80 fL and whose ethnical backgrounds were verified based on the lineage of three previous generations. RFLP. Digestion of the PCR product was done with control and subject variables. The reaction mix is composed of NEB 4, Hpy188I, H 2 O, and PCR product. The PCR product digested using Hpy 188I was incubated at 37 o C and 450 rpm for four hours. The size of a normal cell is 164 pb (not digested) and, if positive PNG mutation occurs, the size becomes 79 bp and 85 bp. The visualization of the PCR and RFLP results was done by using agarose gel 2% and marker ΦX174/HaeIII.
Results and Discussion
The detection experiment of 399 samples (MCH <80 fL) using the PCR-RFLP method showed positive results for the Timika population with a frequency of 17.6% (Table 1) . However, negative results were found in Gayo, Sumba, and Ternate populations. These results Abnormal red blood cells are less supportive of Plasmodium growth [13] . In fact, both thalassemic and normal red blood cells are susceptible to Plasmodium invasion, but thalassemic patients will not suffer severe symptoms of malaria [14] . The body has a mechanism that destroys abnormal red blood cells which accelerate hemolysis and thus impact the infected red blood cells. Moreover, this also decreases the percentage of parasitemia in blood [15] .
Geographic conditions correlated with malaria vector. Timika population samples were classified into three groups according to their geographical background, such as Papuan highland, Papuan lowland, and NonPapuan. The presentation of PNG mutations from Papuan lowlands and Papuan highlands were 34.61% (9/26) and 14.84% (19/128), respectively, shown in Figure 1 . Data showed that PNG mutation is more frequent in Papuan lowlands than in Papuan highlands. Hence, geographic conditions should be considered for further research in detecting PNG mutation. Furthermore, Minakawa showed that altitude plays a significant role in the presence of a malaria vector. Warm temperatures in lower altitudes will support larvae growth, which increases the presence of malaria. In contrast, colder temperatures cause physiological pressure and shorten the life span of mosquitoes, which reduces the presence of malaria [16] . Fitness to malaria exposure. Single Nucleotide Polymorphism (SNP) in PNG mutation could be classified as malaria-selected polymorphism [17] . Referring to heterozygous advantage as a mechanism in balanced polymorphism, the high P. falciparum exposure in Papua shows that alleles with PNG mutation tend to be more fit, and eventually PNG mutation frequency will be significantly high in the Timika population. It has been shown that all positive samples were hetero-zygotes (Figure 2) .
Previous studies at the Laboratory of Red Blood Cell Disorders showed that genetic variations from each ethnic group play significant roles in various mutations of alpha thalassemia (unpublished data). There are common and uncommon alpha thalassemia mutations in the population. By using the same samples, the studies revealed that mutation 3.7kb deletion was found in the Gayo, Sumba, and Ternate populations. Furthermore, SEA deletion was found only in the Gayo population, but not in the two other populations. According to these findings, we can assume that PNG mutations are more common in East Indonesia, in contrast to SEA deletion, which is found mostly in the Gayo population.
As seen in our findings, one sample of PNG mutation originated from an Ambonese ethnicity, whereas PNG mutation was not found in Ternate population even though they were from the same region (Mollucas). The separate population would tend to be genetically different compared to their new habitat, which affects polymorphism. Single Nucleotide Polymorphism (SNP) in PNG mutation may increase fitness through malaria selection, therefore SNP will decline along with high malaria exposure and also increase mutation frequency within the population [18] . The presence of PNG mutation in Ambonese patients may occur because of outbreeding depression [19] . As depicted in this case, the patients were forced to adapt to their new habitat (Timika), which has the SNP been declined to increase fitness in a place with high malaria exposure.
Migration history correlated with the origin of PNG mutation. The origin of PNG mutation may be presumed using two assumptions. The first assumption is conducted with the Slow Boat hypothesis, which attempts to explain Pacific colonialization based on mitochondrial DNA and Y chromosomes. Austronesians as Polynesian ancestors moved eastward and mixed extensively with local Melanesians before colonizing the Pacific islands [20] [21] . As depicted by the Austronesian migration path according to the Slow Boat hypothesis, we presumed that PNG mutation might be discovered in Maluku before the gene flow occurred to Papua (Timika). This assumption is supported by the finding of one positive sample from Ambon.
On the other hand, the second assumption states that PNG mutation originated among Melanesians, which accords with the research about the genetic backgrounds of North Maluku's population using mitochondria DNA [22] . North Maluku's population are non-Austronesian (Papuan Language) and Austronesian speakers. The research revealed that Papuans moved to North Maluku and mixed extensively with Austronesians before migrating westward. Therefore, the PNG mutation which was carried forth by Papuans would be introduced to the Austronesians and then brought to the western populations. These assumptions might also corroborate the findings of PNG mutations in Bugis and Ambonese patients.
Conclusions
The PNG mutation frequency is 0% in Gayo, Sumba, Ternate populations, but is quite high in the Timika population (18.1%), though the frequency in the total population is 7.3%. All positive samples are P. falciparum-infected and mostly found in the lowlands. This research revealed no positive correlation between malaria prevalence and the presence of PNG mutations in the overall population. Further research should be done to detect them among other populations in Indonesia, especially among other ethnic groups in Central Maluku since the one positive sample of PNG mutation came from the Timika population, which derived from the Ambonese. Detection of PNG mutations also should be done in P. vivax-infected patients to validate whether this mutation is a protection against P. falciparum or P. vivax.
